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Three m ethods o f visual display term inal (VDT) w orkstation adjustm ent were com pared in this study in order to investigate the ir effects on the operator's seated posture. The first tw o methods were adjustm ents made both w ith and w ith o u t any suggestion on the correct seated posture. The third m ethod was an adjustm ent after which the w orkstation settings were in itia lly set according to the results recomm ended by the IntelAd com puter program . Ten male and 5 fem ale participants were asked to readjust a VDT w orkstation until their m ost com fortable seated posture was obtained. W hen com paring the final seated postures to the ones ergonom ically recom m ended, it was found that the w orkstation adjustm ent assisted by the com puter program yielded the best result, follow e d by the adjustm ent w ith o u t any suggestion on the seated posture, and then the adjustm ent w ith a suggestion on the seated posture. Furthermore, factors such as gender and typin g skill level were not found to have any significant influence on the results.
VDT workstation workstation adjustm ent seated posture com puter keyboard operation
IN T R O D U C T IO N
Work-related activities, especially those in the industry and manufacturing environment, fre quently require workers to stand, move the body, or both on a regular basis. Major concern has been attached to physically strenuous and repetitive activities, which are the main causes of acute and chronic problems, such as low back pain. Additionally, cumulative trauma disorders of upper extremities (e.g., carpal tunnel syndrome [CTS] ) are among those that have received special attention. Aiming to reduce their frequency of occurrence, research foci in the past have mostly been placed on ergonomic designs and operations of hand tools. Recently, a significant number of visual display terminal (VDT) operator's have reported various stages of CTS symptoms (LeGrande, 1993) . In order to minimize the risk of developing CTS, ergonomists have suggested that keyboard operators maintain a straight wrist posture when operating the keyboard by keeping the hands in line with the lower arms. Furthermore, the operators are advised to sit properly with upright or slightly inclined back to avoid excessive pressure on the lower portion of the spine.
Several recommendations concerning ergonomic designs of the VDT workstation (typically consisting of a computer table and a chair) and the seated posture were published in the 1980s (AT&T Bell Laboratories, 1983; Grandjean, 1987; Human Factors Society, 1988) . The concept of "design for adjustability" has also led to the design and manufacture of adjustable VDT workstations. However, there are other factors that influence the operator's willingness to adjust the VDT workstations and, subsequently, affect the settings; furthermore, they even reduce the effectiveness of the adjustability feature. These factors include the accessibility of adjustment controls, the ease of adjustment, the frequency of adjustment, and so forth (Shute Correspondence and requests for reprints should be sent to Suebsak Nanthavanij, Department of Industrial Engineering, International Institute of Technology, Thammasat University, Patumtanee 12121, Thailand. E-mail: <suebsak@siit.tu.ac.th>. & Starr, 1984) . It has been doubted whether factors such as the adjustment method, operator's gender, and typing skill will play an important role on the ability to adjust a VDT workstation so that a recommended seated posture can be obtained. (In this article, the recommended seated posture is assumed to be that with the body at the upright position, the right (90°) angles at the elbow and knee joints, and both wrists kept straight.)
The VDT workstation used in this research study has a limited adjustment capability, which is similar to those commonly found in offices and university computer centers. Generally, its adjustment requires some physical effort and patience. Three adjustment methods are tested: adjustment without any suggestion on the seated posture, adjustment with a suggestion on the seated posture, and adjustment with assistance from a computer program (IntelAd).
EX PER IM EN TA L D E SIG N
A set of experiments was conducted in a controlled environment to investigate how the VDT operator's seated posture, after adjusting the VDT workstation, was influenced by the adjust ment method, gender group, and level of typing skill. The detailed explanation of the partici pants, apparatus, and experimental procedures is provided in the following paragraphs.
Participants
Fifteen participants were randomly recruited to participate in the experiment, which required them to readjust a given VDT workstation in order to obtain the most comfortable seated posture. All participants voluntarily participated without receiving any compensation. Through the questionnaires, none of the participants reported to have a medical history of CTS or any wrist injuries that could result in unusual wrist discomforts during the keyboard operation. Among these 15 participants, 5 were female and 10 were male. All participants were engineering students of Thai nationality and had at least 1 year of experience with a personal computer. Their average age (year), body height (cm), and body weight (kg), in cluding the standard deviations (in the parentheses), were 19.27 (0.80), 169.10 (5.45), and 56.27 (8.59), respectively.
Initially, each participant was asked to fill out a data sheet which asked for his/her age, body height, body weight, years of typing experience (either with typewriters or with personal computers), and level of typing skill. Based on the typing skill, the participants were then divided into three subgroups as follows:
Experienced Group:
Participants who can type without having to look at the keyboard.
Intermediate Group:
Participants who can type relatively fast with one or two fingers but still need to look at the keyboard.
Inexperienced Group:
Participants whose typing style is "hunt-and-peck."
A summary of the participants' biophysical data (age, body height, and body weight) and levels of typing skill is shown in Table 1 .
VDT Workstations
Two identical partially adjustable VDT workstations were used in this experiment. Both units consisted of a bi-level, nonadjustable computer table and an adjustable chair. In fact, these two workstations are similar to the units commonly used in most business offices and university computer centers. Specifically, the bi-level, nonadjustable table had a sliding drawer, which served as a key board tray. The level height of the drawer was 12 cm lower than that of the table surface. (The table surface was 75 cm above the floor.) None of the two level heights was adjustable. The chair used in the experiment had a five-pronged base, supported by five small wheels for mobility. Its seat pan level height was adjustable. The adjustment range of the seat level height was between 42 cm and 49 cm. Seat angle, back rest level height, and its angle were fixed. Two identical Compaq ProLinea 4/66 microcomputer systems were placed on individual VDT workstations. Each system consists of a detachable keyboard, a desktop central process ing unit (CPU), and a 13-in. (33.02 cm) color monitor. The dimensions of the system compo nents relevant to this experiment include the height of the CPU unit (10 cm), the level height of the center of the monitor screen as measured from its base (23 cm), and the level height of the keyboard's home row as measured from its base (3 cm). The arrangement of the system was such that the CPU was placed on the table surface and the monitor was subsequently placed on the CPU. Additionally, the keyboard was placed on the sliding drawer (see Figure 1 for illustration).
In summary, the level heights (as measured from the floor) and the adjustment range of key components were as follows. 
Method
The experiment was divided into three trials according to the three different workstation adjustment methods used. Each trial consisted of three VDT workstation adjustment oppor tunities and two sessions of keyboard operation. The experimental trials were assigned in the following order and were the same for all participants: Trial 1, Trial 2, and Trial 3.
Trial 1: Adjustment Without any Suggestion on the Seated Posture-Method I
This experimental trial was designed to test how effectively a VDT operator who might have minimum or no knowledge of the recommended seated posture could adjust a given VDT workstation. The participant was asked to sit at the workstation where the chair seat level height was randomly set. Initially, the participant was allowed to readjust the seat (by turning the adjustment knob at the base) until the most comfortable setting (according to the partici pant) was obtained. Both the seat level height and the participant's seated posture (as indi- cated by one of the seven models shown in Figure 2 ) were recorded on the data sheet. After readjusting the seat level, the participant had to perform a 10-min session of keyboard opera tion by typing a section of text into the computer. Then, the participant was given another opportunity to readjust the workstation if desired, before resuming the keyboard operation.
The new seat level height and the seated posture model were also recorded on the data sheet. The second session of keyboard operation lasted 5 min. After the second session ended, the participant was given the last opportunity to readjust the VDT workstation. Additionally, at the end of each typing session, the participant was asked if any discomfort or pain at the upper extremities (especially at the wrist) was experienced.
Trial 2: Adjustment With a Suggestion on the Seated Posture-Method II
The second experimental trial involved the adjustment method after which the recommended seated posture was explained to the participant and its picture was also shown. The posture shown to the participant was an upright seated position with right angles at the knee and elbow joints. Additionally, both wrists were kept straight, not excessively bent either upwards or downwards. This posture is one of the seated postures popularly recommended for a prolonged keyboard operation. Then, the participant repeated the experiment by following the same procedures used in the first trial. The data which included the seat level height and body posture model were also recorded on the data sheet.
Trial 3: IntelAd-Assisted Adjustment Method-Method III
IntelAd is a computer program developed to help determine appropriate VDT workstation settings that will enable VDT operators to sit with the recommended seated posture. IntelAd utilizes an approximation method to calculate the workstation settings from the operator s body height and gender. It also uses the workstation's dimensions and adjustment ranges as its constraints to assure the feasibility of the results (Nanthavanij & Venezia, 1993) . Briefly, IntelAd calculates its recommended settings using the following steps:
. Estimating body segment lengths from body height. . Calculating both x-and y-coordinates of key body joints (when the body is properly seated). • Calculating both x-and y-coordinates of key VDT workstation components (when the body is properly seated).
• Checking for the feasibility of the results by considering all adjustment constraints.
Additionally, it should be noted that IntelAd places a major emphasis on the wrist ori entation as its main objective is to find the settings that allow VDT operators to keep both wrists straight while operating a keyboard (in order to reduce the risk of developing CTS).
In the third experimental trial, the participant was assisted by this computer program to obtain initial VDT workstation settings. The participant's body height, gender, and information on workstation hardware were entered into the program, prior to the start of the experiment, in order to estimate the recommended workstation settings (see Table 2 ). Then, the adjustable component (i.e., the chair seat) was set according to IntelAd's recommendation. Similar to the first and second trials, the participant was given three opportunities to readjust the chair seat level height, that is, before the first typing session, between the first and second typing sessions, and finally after the second typing session. All seat level heights after readjustments and body posture models were recorded on the data sheet. Each experimental trial lasted about 20 to 25 min. Any two consecutive trials were sepa rated by at least 30 min in order to reduce cumulative effects of body discomforts or pains which could have resulted from the previous trial.
RESULTS
During each trial, the participant was allowed three opportunities to readjust the seat level height. Although all level heights were recorded, only the final setting (at the end of the second typing session) was used in the data analysis. Furthermore, it was assumed that the seat level height obtained from the IntelAd program represented the recommended setting. Then, for each participant, the final seat level heights recorded from all three experimental trials were subtracted from the IntelAd's setting to obtain the seat level height difference. This difference thus represents the level of ability of the participant in adjusting the VDT workstation to obtain the recommended seated posture. The smaller the difference (deviation), the greater the ability.
Effects of Adjustment Method and Gender on Seat Level Height Difference
This analysis investigated whether the adjustment method and gender group had any signifi cant effect on the participant's ability to adjust the seat level height. The results from a two-factor analysis of variance (ANOVA) showed that the effect of the adjustment method factor on the seat level height difference was significant, p < .0001, whereas that of the gender group factor was not,/? > .1. Then, the Tukey method of multiple pairwise comparisons was used to specifically investigate the adjustment method effect. It was found that the seat level height differences from all three methods (Methods I, II, and III) were significantly different from each other (at a = .05). The order of the difference, from the smallest to the largest, is as follows: Method III, Method I, and Method II (as shown in Figure 3) . 
Effects of Adjustment Method and Typing Skill on Seat Level Height Difference
In this analysis, the participants were divided into three groups according to their typing skill levels, namely, experienced, intermediate, and inexperienced groups. A two-way ANOVA was again used to test whether the effects of adjustment method and typing skill level factors were significant. The results were found to be similar to those reported in the first comparison. Only the adjustment method factor had a significant effect on the seat level height difference,/? < .0001.
Furthermore, the Tukey method showed that the seat level height differences from all three adjustment methods were significantly different (at a = .05). Method III was again found to have the smallest difference, followed by Method I, and finally Method II (as shown in Figure 4 ).
CO NCLUSIONS
The results from all statistical analyses showed that adjustment method was the only factor that had a significant effect on the seat level height difference. As expected, the IntelAd-assisted VDT workstation adjustment method (Method III) was superior to both Methods I and II because its seat level height differences were the smallest in all comparisons.
The IntelAd computer program assumes that the recommended seated posture during keyboard operation is an upright position, with straight wrist and right angles formed at the elbow and knee joints. Some researchers have expressed their doubts about this recommended posture and argued that a slightly backward inclined seated posture is more biomechanically suitable (Martin, 1993) . The ANSI/HFS 100-1988 Standard provides ranges of adjustment to accommodate users having either one of these preferences (Human Factors Society, 1988) . (Nevertheless, it has been agreed that the operator's wrists should be kept as straight as possible.) Despite this disagreement, the recommended seated posture used in this research study was an upright position (see Model 1 in Figure 2 for an example). With assistance from the IntelAd program, most participants were able to assume the recommended seated posture. Some participants, however, were forced to assume the posture similar to what was shown as Model 7 as a result of the adjustment limitation of the VDT workstations used in this experiment. It was anticipated that had the workstation been fully adjustable, all participants could have been able to sit properly.
Initially, it was expected that if the recommended seated posture was explained (and its picture was shown), the participants should be able to adjust the seat height level to obtain that recommended posture. It was thus surprising to find that the average seat level height differ ence was greater when the participants were informed of the recommended seated posture. Additionally, the pattern of the differences was uniform in all statistical comparisons. A possible reason for this finding may be as follows. Ironically, providing information on the recommended seated posture might have caused more confusion to the participants. It was noticed that the participants made a larger number of readjustments as an attempt to obtain the setting that would yield the recommended posture, but to no avail. It was suspected that being presented with both the description and the picture of the recommended seated posture could have made the participants more indecisive, consequently resulting in a larger seat level height difference.
Several participants reported minor discomforts especially at their wrists, neck, back, and shoulder. The number of complaints was much less and the degree of discomfort was much lower in the IntelAd-assisted adjustment method than those in the others. It was also found that the majority of complaints about neck and back discomforts came from the participants who belonged to the intermediate and inexperienced groups. This may be due to the fact that these participants made more neck movements by turning their head back and forth between the document, the monitor screen, and the keyboard. Additionally, they often had to bend either their back or neck while typing in order to search for the right keys.
During the last trial, there were some participants who chose to readjust the seat level from the setting recommended by the IntelAd program. It was interesting to find that either in the middle or at the end of the experimental trial these participants admitted that the initial setting (recommended by IntelAd) was better. There also were few participants who preferred resting their palms on the edge of the keyboard tray to lifting them up. As a result, the seated posture of these participants was changed from Model 1 to Model 7. This change in posture could be the reason for their later complaints about wrist discomforts at the end of the experimental trial. Another evidence to support the effectiveness of the IntelAd program was the reports from several female participants. Those who were provided with a foot rest (according to the IntelAd's recommendation) admitted that they felt much more comfortable than when seated without it.
Although the findings of this investigation seem to show that with the assistance of the IntelAd program the participants can effectively adjust their VDT workstation to obtain the setting that is close to the recommended one, there still are several warnings that should be made clear. First, the IntelAd program does not provide the ergonomic settings. With its approximation method, the program only suggests the settings which, if adjusted accordingly, should lead to the posture generally recommended for a prolonged keyboard operation. VDT operators may need to "fine-tune" by readjusting the workstation to suit individual body figures and preferences. Nevertheless, using the settings recommended by the IntelAd pro gram as a starting point, they will obviously find the VDT workstation adjustment process much easier, less confusing, as well as more encouraging. Second, the IntelAd program has been developed under an assumption that the upright position is the recommended seated posture. Researchers or operators who believe that the inclined position yields a more biomechanically comfortable seated posture may find this assumption unacceptable. It should be mentioned that at present both recommendations are in existence and there is no definite standard set in reference to the seated posture. If the inclined seated posture is to be assumed, the program can be easily revised by modifying its defined variable (i.e., back angle). For detailed computational method, readers are suggested to see Nanthavanij (1993) .
In summary, this research study showed that the significance of the IntelAd computer program in increasing the VDT workstation adjustment effectiveness was inevitable, even with a partially adjustable workstation. It was anticipated that should a fully adjustable workstation be used, the IntelAd-assisted method would have proven to be even more useful because adjusting such a workstation could require a sizable amount of mental workload and confusion on VDT operators. Female and male participants seemed to have, statistically, similar VDT workstation adjustment ability. Although the effect of typing skill level was not found to be significant, it could still be linked to the report of body discomforts and/or pains. Using the results from the IntelAd program as initial settings enabled the participants to assume a seated posture that was closer to the recommended one. It is, thus, anticipated that the IntelAd program, if applied to assist VDT operators in business and industrial facilities, can lead to a reduction in the number of CTS patients in the future. 
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